Riparian areas often have multiple plant communities that may change rapidly due to seasonal hydrological shifts, and variation of those plant communities may not necessarily indicate transitioning ecological status. Thus, while plant communities are often used to assess land ecological status in upland systems, applying that principle to riparian systems may not be appropriate. Geomorphic parameters may be better indicators of a transition in ecological status, but they cannot be understood separately from plant community dynamics. This research assessed stream geomorphology and riparian plant communities along 34 reaches of 8 streams in North Dakota. The area of three plant community components (PCCs) associated within riparian complexes were mapped, and stream cross-section and longitudinal profile data were collected to classify Rosgen stream channels into stable (E and C channels), stabilizing (B channels), and unstable (F and G channels) states. The area of PCC1, the community nearest the stream bank consisting of wetland obligate species, was similar among stable and unstable streams, but PCC2 and PCC3, transitional plant communities, had greater area along stable reaches than along unstable reaches. Thus, the proportion of PCC1 in stable reaches was much lower (z25%) than in unstable reaches (z75%). Entrenchment ratio was the only stream parameter that was a good predictor of PCC areas, likely due to its relationship with floodplain connectivity. These findings may be valuable in developing riparian complex ecological site descriptions, specifically identifying potential thresholds between the unstable and stable states.
Introduction
Riparian systems perform critical ecosystem functions, regulating water resources, providing habitat and forage for wildlife and promoting biodiversity (Brauman et al. 2007 ). The capacity of riparian systems to perform these functions and provide ecosystem services is dictated by the interaction between riparian vegetation and hydrogeomorphology (Atkinson et al. 2018) . Therefore, the most effective management of these systems must consider this interaction on multiple scales, as it may vary spatially and temporally (Stringham and Repp 2010; Oorschot et al. 2016) . Effective management necessitates a consistent framework to guide decisions based on describing the ecological status of riparian areas while accounting for natural variability in both riparian vegetation and hydrogeomorphology.
Recent work to develop this type of framework has focused on extending the use of Ecological Site Descriptions (ESDs) into riparian areas (Leonard et al. 1992; Stringham and Repp 2010; Ratcliff et al. 2018) . In upland systems, ESDs have been used for decades to categorize areas by distinguishing physiographic characteristics, describe temporal trends using state-and-transition models (STM), and provide guidance for land management (Bestelmeyer et al. 2009 ). This three-part approach may be valuable in riparian areas, but it must be amended to accommodate the differences between riparian and upland systems. Notably, upland systems may exist as an entity on a single topographic feature with a single soil type and a single plant community, whereas a riparian systems consist of a series of landscape positions, soils, and plant communities that must be considered jointly as a riparian complex (Winward 2000; Stringham and Repp 2010) .
The primary delineative criterion in developing protocols for creating riparian complex ESDs (RCESDs) is geomorphology (USDA-NRCS 2010b) , and one way to describe stream geomorphology is with the Rosgen Classification System (RCS). The RCS categorizes stream reaches by valley type, entrenchment, width/depth, sinuosity, slope, and bed material (Rosgen 1994) , and it has been used to successfully classify streams in a variety of ecosystems (Epstein 2002; Roper et al. 2008; Meehan and O'Brien 2019) . However, geomorphic classification must be accompanied by a description of vegetation dynamics for a comprehensive RCESD (USDA-NRCS 2010b) . The relationship between geomorphology and vegetation is especially important because they strongly influence one another in riparian complexes (Atkinson et al. 2018) . For example, hydrologic factors such as water table depth and stream shape often determine habitat suitability for riparian vegetation (Stringham et al. 2001; Dwire et al. 2006 ), but vegetation may affect bank stability, thereby influencing stream geomorphology (Micheli and Kirchner 2002; Oorschot et al. 2016) .
Consistently describing different plant communities within a riparian complex, known as plant community components (PCC), is difficult because the extent of each PCC may vary in space and time due to hydrological shifts (Sluis and Tandarich 2004; Dwire et al. 2006) . Broadly, the extent of vegetation communities is determined by having favorable conditions for establishment and by having those conditions continue until the plant is able to reproduce (Hupp and Osterkamp 1996) . In riparian complexes, disturbance (i.e., flood events, bank failures) causes these conditions to change frequently, such that riparian vegetation exists in a state of "quasiequilibrium" or "nonequilibrium" (Oorschot et al. 2016) .
Researchers have attempted to describe these vegetation trends by mapping plant communities (Baker et al. 2006) , and the mapping process continues to improve as data availability and processing techniques evolve (e.g., Johansen et al. 2008; MacFarlane et al. 2017; Woodward et al. 2018) . However, much of this work has been conducted at the watershed scale with digital imagery, which may not be applicable to site-specific management recommendations, such as those included in a comprehensive RCESD (USDA-NRCS 2010b).
This research aims to map riparian plant communities at a finescale (i.e., on foot) as part of RCESD development. The objectives were to 1) map the area of different riparian vegetation communities within riparian complexes and 2) relate those areas to geomorphologic parameters. Together with a detailed geomorphologic analysis (described in Meehan and O'Brien 2019) , the findings of this research will help guide creation of RCESDs, as well as specifically identifying potential thresholds between the STM phases and states.
Materials and Methods
The study was conducted across the state of North Dakota, and data were collected during July and August in both 2017 and 2018. North Dakota has a continental climate with snow-covered winters and mild summers (average high temperatures 23 CÀ26 C). Average annual precipitation ranges from 58 cm in the east to 36 cm in the west, with June having the highest precipitation totals (NDAWN 2018) . Peak flows typically occur between mid-June and the end of July (Johnson et al. 2012) , and bankfull events occur roughly every 18 mo.
Data collection included stream surveys of 34 reaches on eight different streams ( Fig. 1) , four perennial (all gaining streams) and four intermittent (all losing streams). Stream reconnaissance surveys were conducted on each stream to identify the various stream states occurring within each watershed, which were described by morphology, land use, and vegetation (Hecker et al. 2019; Meehan and O'Brien 2019) . All reaches were located on private land, so details on current and past land use practices were not available. At each reach, defined as one full meander, the stream surveys consisted of plant community mapping, stream cross section, and stream longitudinal section.
Plant Community Mapping
Three different riparian plant community components (PCC1, PCC2, and PCC3) were delineated in the riparian complexes along each reach (USDA, NRCS 2011b), which were often (but not always) located on streambanks, floodplains, and terraces, respectively. Plant communities outside the riparian complex were not included in this survey. The three PCCs were delineated by observers in the field on the day of data collection by estimating percent cover of dominant plant species present (Table 1) , assessing topography, and considering proximity to the stream. The naming convention for the PCCs followed the method recommended by Stringham and Repp (2010) and outlined in the draft RCESD protocol (USDA, NRCS 2011b) . Relative abundance of plant species in each area was the primary method for determining plant community (USDA, NRCS 2010a).
Each community was mapped using Trimble Geo 7X GPS (Trimble, Inc., Sunnyvale, CA) supplemented with ESRI ArcPad 10.2 (Esri, Redlands, CA) and Trimble Positions extension software (Trimble, Inc., Sunnyvale, CA) by walking a complete polygon around the perimeter of each plant community. When plant communities were similar between two PCCs, such as between streambank and floodplain or terrace and uplands, observers identified a topographical feature (i.e., a consistent elevation change) that indicated the edge of the PCC. GPS field data were postprocessed using the Trimble Positions Desktop add-in achieving submeter accuracy. While the areal extent of PCC1 and PCC2 were always mapped by foot, PCC3 was sometimes delineated in the postprocessing stage. In these instances, a polygon was drawn for PCC3 in ArcMap 10.5 (Esri) using aerial imagery, elevation, and site-specific photos. Figure 2 shows a photograph with an example of each PCC area delineated. Notably, it demonstrates that only riparian vegetation communities are included in the analyses, as extent of upland vegetation was not mapped. Not every reach was accompanied by each PCC, but the entire riparian complex was delineated.
To normalize the sites, each reach was clipped using the clip function in ArcMap 10.5 to 50 m, the length of the shortest reach analyzed. The PCC polygons were clipped perpendicular to the thalweg, such that polygons extended at a 90-degree angle from the stream until reaching upland vegetation. This ensured that all reaches were the same length, enabling us to analyze differences in aerial extent of PCCs among reaches. Areas for each PCC were determined from these clipped polygons using the "calculate geometry" function in ArcMap 10.5.
Cross Section and Longitudinal Data Collection
One cross-section survey was conducted at each reach spanning the entire valley, the extent of the area influenced by the stream and its associated water table. Elevations were recorded using a laser level and survey rod to describe the valley shape and identify elevation at flood-prone areas, bankfull height, stream edges, and thalweg. Longitudinal elevation profiles were collected at riffle crests for a distance no less than twice the width of the crosssection valley. This distance was ensured by walking the thalweg with the Global Positioning System (GPS). Stream measurements were collected as outlined in the draft RCESD development protocol (USDA, NRCS 2010b). Although reaches were standardized to a 50-m length for PCC analyses, geomorphic analyses included data collected across an entire meander sequence.
These measurements were used to determine entrenchment ratio (ER), width-to-depth ratio (WDR), channel slope, and bank height ratio (BHR). Sinuosity and meander width ratio (MWR) were measured with GPS data when possible, but when GPS data were not collected, they were determined using aerial imagery in Arc-Map. ER is the width of the flood-prone area divided by the width of the channel at bankfull height; WDR is the channel width at bankfull height dived by the average depth of the bankfull channel; BHR is the lowest bank height divided by bankfull height; and MWR is the meander belt width divided by bankfull width.
RCS channel types were determined using version 4.3L of the Reference Reach Spreadsheet (Rosgen 1994; Mecklenburg 2006) , and they were used to group each type into a stability class. E and C channels were "stable," B channels were "stabilizing," and F and G Table 1 Dominant plant species for each plant community component (PCC) in the riparian areas. Each location is shown with its typical flood interval in parentheses. Species are shown with their wetland indicator status (WIS) and estimated percent abundance (by cover; %) in each PCC. Non-native species present in the study are also presented and identified by each PCC in which they were observed.
PCC
Location Species WIS 1 % channels were "unstable" based on the analysis of the hydrogeomorphic assessment (Meehan and O'Brien 2019) . Representative shapes of riparian complex associated with each channel type is shown in Figure 3 . Previously, streams in prairie systems have been categorized as stable potential channels, unstable channels, or stable confined channels (Meehan et al. 2016 ). These categories are critical in understanding ecological status but do not adequately describe the temporal dynamics of channel evolution. Transitions in prairie systems can occur rapidly, such that F and G channels may not exist for very long. However, that initial transition leads to a channel (usually a B) that is neither stable nor unstable, so B channels are identified as "stabilizing" (Meehan and O'Brien 2019), wherein it can either revert to F or G channels due to disturbance or become increasingly more stable as floodplain development progresses.
Statistical Analysis
Differences in stream parameters and total areas were determined using 1-way analysis of variance (ANOVA) classified by stream stability, and pairwise comparisons were conducted using a post-hoc Tukey's honestly significant difference test in package "agricolae" (de Mendiburu 2017) in R 3.5.1 software (R Core Team 2018). Initial models included a factor comparing perennial and intermittent streams, but they did not reveal statistical differences, so all reaches were grouped together for subsequent analyses. Multivariate multiple regression using Pillai's test statistic was applied to describe the relationship between PCC areal composition and stream parameters (package "stats"; R Core Team 2018). The multivariate regression is a powerful tool for describing these dynamics because it is a single test that describes the relationship between multiple response variables (i.e., areal composition of three PCCs) and multiple predictor variables (i.e., stream parameters). Nonmetric multidimensional scaling was used on the stream parameter matrix to reduce dimensionality of variance to two dimensions using nonmetric distances (i.e., Bray-Curtis dissimilarities). The "site" scores from the first two dimensions were used to plot each sample reach in ordination space (package "vegan"; Oksanen et al. 2018) .
Results and Discussion

Geomorphic Parameters
The geomorphic parameters for the 34 reaches are shown in Table 2 , and they are classified by both channel type and stream stability state. Only ER and BHR are significantly different among the three stability classes. The importance of ER is not surprising because it is the first level of delineation in the RCS for single channel streams (Rosgen 1994) . Similarly, differences in BHR would be expected between stable and unstable reaches, as it is often closely related to ER, because they are both measures of floodplain access. While ER may be a good indicator of total floodable area at the time of sampling, BHR may be a better indicator that the reach is at risk of future entrenchment (Rosgen 2006) . This was reflected in our data with five of the stable streams exhibiting BHRs that would be classified at either unstable (1.3À1.5) or highly unstable (> 1.5), suggesting that several currently stable streams may be at risk of transitioning into the unstable state. Surprisingly, neither sinuosity nor MWR were different among stability classes, although stable channels typically have greater sinuosity and more developed network of meanders. Despite much higher mean values in stable and stabilizing reaches, MWR values were so highly variable (standard deviation ¼ 11.6) that no statistical inferences were significant, with much of the variation likely due to the influence of valley constraints on stable entrenched channels. Further, these parameters may not be as useful in diagnosing short-term stream stability status, as some transformative processes, such as head cutting, can alter the hydrologic regime without immediately affecting either sinuosity or MWR.
The geomorphic parameters provide some evidence for classifying B channels as an intermediate between stable and unstable reaches (Meehan and O'Brien 2019) . Despite no statistical difference, the magnitude of ER in B channels was between 1.4 and 2.2, suggesting that it is above a critical threshold and differentiated from unstable channels (Rosgen 1994) . Similarly, the difference in magnitude between B and F or G channels in BHR and MWR may be meaningful despite not being statistically significant. For example, changes in absolute BHR values may be important in describing stream stability (Rosgen 2006 ), suggesting that the unstable streams with extreme BHR values (e.g., > 2.3) likely have a different hydraulic function than the stabilizing streams. The lower BHRs observed for the stabilizing channels (i.e., B) indicate these streams are better able to access their floodplain, reducing stress on stream banks and the potential for entrenchment in comparison with unstable channels (i.e., F and G). This access is critical in how these riparian areas function, as it strongly influences plant community composition (Turner et al. 2015) .
Plant Community Mapping
Three different PCCs were identified in the riparian complexes surveyed in this study, and Table 1 shows the dominant species within each PCC with their wetland indicator status, as defined by Reed (1988) and Lichvar (2012) . Greenline vegetation (PCC1) was located at the bankfull elevation and characterized by wetland Table 2 Mean values (with standard deviation) for watershed area (WA), entrenchment ratio (ER), width, width-to-depth ratio (WDR), channel sinuosity, channel slope, bank height ratio (BHR), and meander width ratio (MWR). Values are grouped by both channel type and stability status. Although data for each channel type are presented, data were grouped by stability status for statistical analyses.
Channel
No obligate species adapted to saturated conditions, predominantly fibrous rooted graminoids that increase bank stability (Micheli and Kirchner, 2002) . The next community, PCC2, was typically found on the floodplain feature adjacent to PCC1 in the riparian complex. A site assessment conducted by the NRCS determined that this feature floods less frequently and less severely (personal communication, USDA, NRCS), and the vegetation was composed of more facultative wetland and facultative upland species. Finally, PCC3 occurred on the low terrace adjacent to PCC2. While PCC3 was located within the floodprone area associated with the stream, it was the farthest removed from the hydrologic influence of the stream's disturbance regime with a flood frequency of at least every 20 yr (personal communication, USDA, NRCS). The vegetation is composed of facultative upland and upland species and is often similar in composition to a loamy overflow (R055BY059ND), loamy terrace (R054XY041ND), or sandy terrace (R054XY042ND) ecological site (USDA, NRCS 2011). While riparian complexes can have additional PCCs (e.g., PCC4), it was not present along any reaches in this study. Stable reaches had larger riparian complexes than unstable reaches, while stabilizing reaches had intermediate mean values for each PCC (Fig. 4, left pane) . Although the stabilizing channels appear to have a smaller area than the stable streams, the variability is too high to lead to statistically significant differences.
Further, the differences are not apparent in PCC1, which may reflect the ability of riparian vegetation in prairie systems to reestablish quickly disturbance from flood events. Flood events in unstable channels often result in bank failure, effectively creating a new stream bank. In prairie systems, riparian vegetation can rapidly recover and establish on the new bank, but the development of PCC2 and PCC3 only occurs over time through a relatively stable disturbance regime.
Different plant species will establish on the different landforms along a stream (Hupp and Rinaldi 2007) , and the dynamics of PCC2 and PCC3 in this study suggest that they exist predominantly along stable and stabilizing channels. PCC2 was highly variable, but the areal mean values increase as stream stability increases, and PCC3 was not present along any of the unstable reaches. The landforms along stable and some stabilizing reaches (e.g., floodplain, terrace) have a hydrologic disturbance regime that can support them (Oorschot et al. 2016) , while these moisture regimes or landforms are not present along unstable reaches. In unstable channels, patterns of incision and bank failure do not provide a hydrologic and disturbance regime suited to species in PCC2 and PCC3. Due to regular flooding along the reforming streambanks, PCC1 rapidly established, but overbank flows were either not frequent or widespread enough for development of landforms with the necessary hydrology to support the formation of other communities (Chapin et al. 2002) . As the channel proceeds through the channel evolution process, transitioning to the stabilizing and stable channels, these landforms and associated plant communities will develop.
Overall area was associated with stream stability, but the absolute area of individual PCCs was not, as only PCC3 was statistically different (see Fig. 4 , left pane). Riparian areas vary widely, and some stable streams may be associated with relatively small riparian complexes, while some unstable streams may be associated with relatively large riparian complexes. These differences can be based on topography, bed and bank material, climate, and hydrologic regimes (Hupp and Osterkamp 1996; Oorschot et al. 2016 ). Thus, the relative composition, rather than the absolute area, may offer better comparison across different stream reaches. Notably, riparian complexes dominated by PCC1 were typically along unstable reaches, while riparian complexes with more even areal distribution of PCC1, PCC2, and PCC3 were typically along more stable reaches (see Fig. 4, right pane) . This finding is critical in furthering the understanding of PCC dynamics along streams with different stability status. Greenline vegetation has traditionally been reported as a proportion of the length of the greenline (e.g., Winward et al. 2000) , but PCC1 comprised nearly 100% of the greenline for all three stability states. Only after adding another dimension of data collection (i.e., width of PCC in relation to the entire riparian complex) did differences become evident.
Areal Composition Association with Stream Geomorphology
The NMS analysis (2-dimensional solution, stress ¼ 0.13) ordination plot shows the importance of each geomorphic parameter Figure 5 . Ordination plot of nonmetric multidimensional scaling analysis, where the x-axis represents the first-dimension solution for each stream reach and the y-axis represents the second-dimension solution for each. Reaches of similar channel types are joined by lines with labels at the centroid. Stream stability status is represented by circle color, and circle sizes represent relative proportion area of riparian complex consisting of Plant Community Component 1 (i.e., greenline community), where larger circles indicate larger areas. Stream parameters are plotted as "species" scores. ER indicates entrenchment ratio; WDR, width-to-depth ratio; Sin., channel sinuosity; Slope, channel surface slope; BHR, bank height ratio; MWR, meander width ratio. Table 3 Pillai's test statistic, P values, and regression coefficients for the multivariate analysis of variance conducted to determine the influence of stream geomorphic parameters on both the absolute area and areal proportion of three plant community components: PCC1, PCC2, and PCC3.
Parameter
Absolute when looking at variation in the dataset. Differences in the geomorphic parameter values are plotted in 2-dimensional space where each point represents a reach; reaches plotted close together are more similar, while reaches farther apart are more dissimilar (Fig. 5 ). Reaches are also oriented around the geomorphic parameter labels, where points with higher values for a given parameter are plotted closer and reaches with lower values in a given parameter are plotted farther away. On this plot, each reach is given a relative size based on the proportion of the riparian area composed of PCC1, where reaches with the highest proportion have the largest circle symbol.
The reaches are clustered by channel type, indicating that the geomorphic parameters included in the analysis group like reaches together (Meehan and O'Brien 2019) . The unstable reaches all cluster on the left side of the plot near BHR and WDR. These findings are consistent with channel evolution models (Simon and Rinaldi 2006) , where bank stability is compromised due to high BHR (entrenched channels) or high WDR (widened channels). These unstable reaches are also characterized by the highest proportion of PCC1, which is likely the result of sedges being well suited for rapid reestablishment on eroded stream banks (Micheli and Kirchner 2002) .
The reaches generally trend from the most unstable at the bottom left, characterized by high BHR and WDR, to the most stable on the top right, characterized by high ER (see Fig. 5 ). Along this continuum, the stabilizing B channels exist in the middle. Notably, B channels showed the highest variation in proportion of riparian complex consisting in PCC1, representing various stages of floodplain development. While the stable E channels existed across a wide range of area, they are generally the greatest distance from the unstable reaches. This may be caused by the variation in BHRs observed for E channels in comparison with the other channel types. BHRs for E channels were documented within all four stability categories (stable, moderately unstable, unstable, and highly unstable), whereas the other channel types only fell into two categories, at most. The C channels, contrastingly, are plotted in the transitional zone where B channels are expected. This orientation may suggest a risk of these reaches transitioning to unstable channels. However, given the relatively high amount of floodplain development, that risk is likely low and the orientation is more likely the result of natural variation and a small sample size (n ¼ 3).
Stable channels are clustered nearest ER, which was a significant predictor of both absolute area and proportional area in the multivariate regression (Table 3) . Calculated as the width of the floodprone area divided by bankfull width (Rosgen 1994) , ER is a measure of how much total area is accessed by the stream during flood events, so it may be a good proxy for floodplain development. Flood events of varying severity access different levels of the floodplain, thus creating a gradient of conditions that supports the three different PCCs (Hupp and Osterkamp 1996; Stringham et al. 2001; Dwire et al. 2006) . Despite being the best predictor of the areal proportion for each PCC in the riparian complex, ER does not have a strong univariate relationship with PCC proportions (Fig. 6 ). However, two important findings are evident in Figure 6 . First, PCC1 decreases as ER increases, reinforcing the argument that high ER creates conditions suitable for a range of different plant communities. Second, PCC3 was not present when ER was below 1.4. This threshold matches with the RCS delineative criteria for entrenched channels (Rosgen 1994 ), suggesting a meaningful relationship between geomorphic criteria and PCC that may be important in RCESD development. Channel slope was also a significant predictor of absolute area (see Table 3 ) and exerted the greatest influence in the second dimension of the NMS analysis (see Fig. 5 ). However, the influence of slope was largely driven by three outliers with slopes > 0.31%, with the slopes of the rest of the reaches all < 0.1%.
Implications for RCESD Development
Identifying relationships among geomorphic parameters, plant community dynamics, and ecological processes is critical for the development of useful RCESDs (USDA-NRCS 2010b). Existing and developing RCESDs have incorporated channel evolution models as the foundation for STMs (USDA-NRCS 2011), and a comprehensive conceptual model for an STM is presented in Figure 7 . The states generally follow the stability classes proposed in this paper (i.e., States 1 and 4 are stable, State 3 is stabilizing, and State 2 is unstable). The transitions are described as processes in channel evolution models (Simon and Rinaldi 2006) , where T1, T3, T4, and T6 are associated with bed incision, widening, and bank failure, while T2 and T5 represent aggradation leading to bank stability and floodplain development.
The threshold values for delineating channel types are part of the RCS (Rosgen 1994) , but the relative PCC proportions included in Figure 7 suggest some threshold values as well. The stable channels, E and C, both have a combined proportion of PCC2 and PCC3 of approximately 75%. This finding does not indicate that a stable stream requires 75% of the riparian complex to be these PCCs but rather that these reaches have been in a relatively stable, "nonequilibrium" state for long enough to allow these plant communities to develop (Oorschot et al. 2016 ).
In addition, while C channels show little variability between the different PCCs, the E channels have relatively high variability between PCC2 and PCC3. This variability suggests that transitions in plant communities along stable reaches are not occurring near the streambank where the flood regime may be more consistent. Rather, landforms and moisture regimes extending farther away from the streambank are more widely variable across the study area, creating conditions that may be more suitable for either PCC2 or PCC3 for a given reach.
Conversely, unstable reaches are dominated by PCC1 and PCC3 is almost entirely absent.
Vegetation on these reaches is almost entirely sedges, which may rapidly establish after bank erosion (Micheli and Kirchner 2002) , although the variability between PCC1 and PCC2 suggests that some floodplain development may be occurring. Finally, the PCC1 in the "stabilizing" B channels were present between the thresholds of 25% (stable) and 65À100% (unstable). All three PCCs were present at widely variable proportions in B channels, confirming its transitional status in prairie systems is characterized by both intermediate geomorphic parameters and PCC composition.
Conclusions
This research identified the areal composition and relative proportion of different PCCs within riparian complexes in a northern Great Plains prairie ecosystem. The findings of this study suggest that stable streams (i.e., C and E channels) have the greatest total area but least proportion of PCC1, stabilizing streams (i.e., B channels) have an intermediate area, and unstable channels (i.e., F and G channels) have the least area but highest proportion of PCC1 in riparian complexes. The differences in area and proportion of PCC2 and PCC3 indicate that the differences are related to floodplain development. Both total area and relative proportions are best described by ER, which is a primary delineative criterion in RCS and a good measure of floodplain access. The results of this mapping study may be the first absolute measures of areal composition of individual PCC in riparian communities. The results suggest three tentative thresholds in these systems: 1) PCC3 is not present when ER < 1.4; 2) proportion of PCC1 < 25% in riparian complexes along stable reaches; and 3) proportion of PCC1 > 65% along unstable reaches. Over time, the strength of the findings will be enhanced by repeated measurements to assess temporal trends, but these findings already further the ability to describe riparian complex plant community dynamics. Thus, this study will assist in the development of RCESDs and guide management considerations in these systems to promote stable, sustainable riparian areas.
